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A  comparison  of  the  "  Defibrination "  and  "  Oxalate " 

methods  of  Serum  Preparation  as  applied  to 

Haemorrhagic  Septicaemia  and  Anthrax 

Sera  together  with  some  Analyses 

of  Buffalo^and  Hill 

Bull  Blood. 


Introduction. 

IN  the  following  notes  a  brief  account  is  given  of  some  comparative  ex- 
periments carried  out  on  the  preparation  of  Haemorrhagic  Septicaemia 
and  Anthrax  sera  by  two  different  methods,  the  chief  object  in  view 
being  to  study  the  influence  of  the  method  on  the  yield  and  quantity 
of  the  serum.  As  regards  yield  this  depends  on  several  factors,  e.g.,  (1) 
the  nature  of  the  animal  and  (2)  nature  of  the  bleeding.  The  animals 
used  in  this  laboratory  are  chiefly  buffaloes  and  hill  bulls.  Formerly, 
each  animal  after  immunisation  was  bled  twice  with  an  interval  of  two 
days  between  the  bleedings,  the  first  bleeding  being  at  the  rate  of  6  cc. 
per  lb.  body  weight  and  the  second  at  8  cc.  This  method,  however, 
is  now  discontinued  and  three  bleedings  are  taken  in  each  series,  all 
three  being  at  the  rate  of  6  cc.  per  lb.  body  weight  and  with  an  interval 
of  4  days  between  each  bleeding.  It  is  found  that  more  serum  can  be 
obtained  from  the  second  bleeding  than  from  the  first  while  the  third 
gives  the  largest  percentage  of  all.  Hence  in  the  tables  which  follow  the 
bleedings  have  been  classified  into  three  groups  according  as  they  were 
the  1st,  2nd  and  3rd  in  a  series. 

Defibrination  method. 

The  blood  is  drawn  into  bottles  containing  a  coil  of  copper  wire, 
defibrinated  by  shaking  and  the  defibrinated  blood  then  centrifugalised. 
The  advantages  of  the  method  are  (1)  great  simplicity  and  (2)  rapidity. 
On  the  other  hand,  the  serum  is  usually  of  a  bad  colour  containing  an 
appreciable  amount  of  haemoglobin.  When  carbolised  a  considerable 
deposit  settles  out  and  on  standing  the  colour  becomes  extremely  dark. 

Oxalate  method. 

The  blood  is  drawn  into  bottles  containing  a  small  quantity  of  potas- 
sium oxalate  solution,  the  latter  being  used  at  the  rate  of  10  cc.  of  a 
10  per  cent,  solution  to  each  litre  of  blood.  The  bottle  is  rotated  to 
secure  thorough  mixing  and  the  blood  is  then  allowed  to  stand.  In  the 
case  of  buffaloes,  in  a  few  hours,  the  corpuscles  have  almost  completely 
settled  and  a  large  proportion  (50  per  cent,  of  the  blood)  of  the  clear 
plasma  can  be  syphoned  off.  The  residue  in  the  bottle  is  then  centri- 
fugalised when  another  10-15  per  cent,  plasma  is  obtained. 
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In  the  case  of  hill  bulls,  the  corpuscles  settle  with  extreme  difficulty 
and  it  is  usually  necessary  to  centrifugalise  the  whole  of  the  blood.  This 
curious  difference  which  is  of  course  of  great  practical  importance  will 
be  dealt  with  again  later  in  this  paper.  The  oxalated  plasma  obtained 
in  the  above  manner  is  then  clotted  by  the  addition  of  10  cc.  of  a  12  per 
cent,  solution  of  calcium  chloride  to  each  litre  of  plasma.  An  extremely 
tough,  almost  white  clot  forms  in  a  few  minutes.  This,  on  sepa- 
ration from  the  sides  of  the  vessel,  rapidly  contracts  to  a  very  small  bulk, 
this  process  being  accelerated  by  the  addition  of  weights.  The  majority 
of  the  corpuscles  having  been  removed  before  the  clot  forms,  the  ex- 
pressed serum  is  of  an  extremely  good  appearance,  being  free  from  any 
red  colouration,  a  point  of  some  importance  in  this  country.  When 
carbolised,  moreover,  serum  prepared  in  this  way  exhibits  much  less 
precipitation  than  that  obtained  by  defibrination  and  in  the  limited  time 
of  observation  possible,  since  this  method  was  begun,  does  not  appear  to 
darken  in  colour  so  readily.  Finally,  it  has  been  found  that  the  yields 
of  serum  obtained  by  the  oxalate  method  are,  as  a  rule,  markedly  higher 
than  by  defibrination.  This  last  factor  in  itself  amply  repays  the  in- 
creased time  required  for  the  oxalate  method. 

In  the  following  tables  are  given  the  results  obtained  with  haemor- 
rhagic  septicaemia  and  anthrax  sera  by  the  two  methods.  As  the  tables 
are  classified  according  to  the  nature  of  the  bleeding  the  influence  of  this 
factor  can  also  be  observed. 
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TABLE  I. 

HEMORRHAGIC  SEPTICEMIA.  DEFIBRINATION  METHOD. 

Buffaloes,  1st  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 
defibrina- 
ted  blood 
obtained 

Percent- 
age yield 
of  defibri- 
nated 
blood 

Serum 

Series 

Volume  ob- 
tained 

Percentage        Percentage 
of  defibri-          of  whole 
nated  blood  i  blood  drawn 

i 

1 
2 

3 

4 
5 
6 

7 
8 

3,800 
15,800 
3,000 
5,900 
4,700 
5,700 
3,400 
9,300 

2,850 
13,150 
2,450 
4,250 
3,250 
4,900 
2,800 
7,800 

750 
83-4 
81-7 
72-2 
69-1 
85-9 
82-3 
83-9 

1,900 
7,300 
1,250 
2,900 
2,350 
3,100 
2,000 
5,050 

66-7 
55-5 
510 
68'2 
72-3 
63-3 
71-4 
64-7 

500 
46*2 
41-7 
49-6 
500 
54-4 
58*8 
54-3 

Total    . 

51,600 

41,450 

80-3 

25,850 

62-4       1        50*1 

Average  yields — 

(1)  Defibrinated  blood 

(2)  Serum— 

(a)  Percentage  of  defibrinated  blood 

(b)  Percentage  of  blood  drawn 


80-0 

64-1 
506 
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TABLE  II. 

HEMORRHAGIC  SEPTICEMIA.  OXALATE  METHOD. 

Buffaloes.  1st  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 

plasma 
obtained 

Percent- 
age yield 

of 
plasma 

Serum 

Series 

Volume  ob- 
tained 

Percentage 
of  plasma 

Percentage 

of  whole 
blood  drawn 

1 
2 
3 
4 
5 
6 
7 

1,300 
1,500 
10,200 
2,900 
3,400 
3,200 
1,800 

1,000 
1,050 
6,400 
1,700 
2,300 
1,800 
1,100 

76-9 
70-0 
62-7 
58-6 
67-6 
56-2 
6M 

900 
950 
5,030 
1,400 
2,100 
1,5.50 
1,000 

90-0 
90-5 
78-6 
82-4 
91-3 
91-6 
90-9 

69-2 
63-3 
49-3 
48-2 
611 
48-5 
55-5 

Total    . 

24,300 

16,350 

63-5 

12,930 

84-2 

53-4 

Average  yields — 

(1)  Plasma 

(2)  Serum— 

(a)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  drawn 


64-7 

87-9 
56-4 


TABLE  III. 


Hemorrhagic  Septicemia. 
Buffaloes. 


Defibrination  method. 
2nd  Bleedings, 


Volume  of 

blood 
taken  cc. 

Volume  of 
defibrina- 
ted  blood 
obtained 

Percent- 
age yield 
of  defibri- 
nated 
blood 

Serum 

Series 

Volume  ob- 
tained 

Percentage 

of  defibri- 

nated  blood 

Percentage 

of  whole 

blood  drawn 

1 
2 
3 
4 
5 
6 

9,900 
5,000 
13,700 
1,300 
3,000 
5,600 

8,200 
3,850 
11,200 
1,050 
2,250 
4,900 

82-8 
77-0 
81-7 
80-8 
75-0 
87-5 

5,170 
2,400 
6,950 
700 
1,450 
3,300 

63-0 
62-3 
620 
66-7 
64-5 
67-4 

52-2 
480 
60-7 
53*9 
48-3 
68-9 

Total 

38,500 

31,450 

81-7 

19,970 

63-5 

51-9 

Average  yields — 

(1)  Defibrinated  blood 

(2)  Serum— 

(a)  Percentage  of  defibrinated  blood 
(6)  Percentage  of  whole  blood  drawn 


81-0 

64-2 
52-0 
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TABLE  IV. 

H.s:morrhagic  Septicemia.  Oxalate  method. 

Buffaloes.  2nd  Bleedings, 


Volume  of 

blood 
taken  cc. 

Volume  of 

plasma 
0  btained 

Percent- 
age yield 
of 
plasma 

Serum 

Series 

Volume  ob- 
tained 

Percentage 
of  plasma 

Percentage 

of  whole 
blood  drawn 

1 
2 
3 
4 
5 
6 
7 

1,500 
6,300 
7,300 
1,600 
8,300 
2,900 
2,900 

900 
4,200 
5,350 
1,100 
4,500 
1,850 
1,800 

60-0 
66-7 
73-3 
68-7 
54-3 
63-8 
62-2 

830 
3,950 
5,100 
1,000 
4,200 
1,650 
1,650 

92-2 
94-0 
95-3 
90-9 
93-3 
89-2. 
91-6 

55-3 
62-7 
69-9 
62-5 
50-6 
66-8 
56-8 

Total    . 

30,800 

19,700 

63-9 

18,380 

93-4 

59-6 

Average  yields — 

(1)  Plasma  ..... 

(2)  Serum— 

(a)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  drawn 


64-1 

92-3 
59-2 


TABLE  V. 


HiEMORRIIAGIC   SEPTICEMIA. 

Buffaloes. 


Defibrination  method. 
3fd  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 
defibrina* 
ted  blood 
obtained 

Percent- 
age yield 
of  defibri- 

nated 

blood 

Serum 

Series 

Volume  ob- 
tained 

Percentage 

of  defibri- 

nated  blood 

Percentage 

of  whole 
blood  drawn 

1 
2 
3 
4 
5 

5,600 
2,200 
11,000 
1,300 
3,000 

4,350 
1,900 
9,550 
1,050 
2,550 

77-7 
83-7 
86-8 
80-8 
85-0 

3,200 
1,200 
6,400 
750 
1,950 

73-6 
63-2 
67-0 
71-4 
76-5 

57-2 
54-5 
58-2 
57-7 
650 

Total     . 

23,100 

19,400 

84-0 

13,500 

69-6 

58-4 

Average  yields — 

(1)  Defibrinated  blood        .... 

(2)  Serum— 

(a)  Percentage  of  defibrinated  blood 
(6)  Percentage  of  whole  blood  drawn 


82-8 

70'3 
58*5 
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TABLE  VI. 


H^.MORRHAGIC  SEPTICEMIA. 

Buffaloes, 


Oxalate  method. 
3rd  Bleedings. 


Volume  of 

Volume  of 

Percent- 

Sebum 

1 

Series 

blood 
drawn  cc. 

plasma 
obtained 

age  yield 
of  plasma 

Volume  ob- 
tained. 

Percentage 
of  plasma 

Percentage 
of  whole 
blood 

1 

10,600 

6,150 

58-0 

6,100 

99-0 

57-5 

2 

1,700 

1,000 

58-8 

970 

97-0 

571 

3 

2,700 

2,100 

77-8 

1,900 

90-5 

70-4 

4 

7,600 

5,200 

68-4 

4,750 

91-4 

62-5 

5 

1,300 

900 

69-2 

850 

94-4 

65-4 

6 

3,300 

2,300 

700 

2,050 

89-1 

621 

7 

3,400 

2,600 

76-4 

2,350 

90-4 

68-8 

8 

8,300 

6,250 

63-2 

4,800 

91-4 

57-8 

9 

3,200 

2,300 

71-9 

2,050 

89-1 

640 

Total    .       42,100 

I 


27,800 


66-2 


25,820 


92-8 


61-5 


Average  yields — 

(1)  Plasma  ..... 

(2)  Serum — 

(a)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  drawn 


68-2 

92-5 
62-8 


TABLE  VIL 


HiEMORRIIAGIC   SEPTICEMIA. 

Hill  Bulls. 


Defibrination  method. 
1st  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 
defibrina- 
ted  blood 
obtained 

Percent- 
age yield 

of  defibri- 
nated 
blood 

Serum 

Series 

^^'"^^         nated  blood 

Percentage 

of  whole 
blood  drawn 

1 
2 
3 
4 

1,900 
15,900 

1,900 
10,500 

1,700 

12,900 

1,500 

8,550 

89-5 
8M 
78-9 
81-4 

1,000 

5,600 

950 

5,800 

58-8 
43-4 
63-3 
67-8 

52-6 
35-2 
500 
55*2 

Total 

30,200 

24,650 

81-6 

13,350 

541 

44-2 

Average  yields — 

(1)  Defibrinated  blood 

(2)  Serum— 

(a)  Percentage  of  defibrinated  blood 
(6)  Percentage  of  whole  blood  drawn 


82-7 

58-4 
48*2 


6        "  DEFIBRINATION  '^  AND  *'  OXALATE'^  METHODS  OF  SEUUM  PBEPAUATION 

TABLE  VIII. 

HEMORRHAGIC  SEPTICEMIA.  OXALATE  METHOD. 

Hill  Bulls.  1st  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 

plasma 

obtained 

Percent- 
age yield 
of 
plasma 

Serum 

Series 

Volume  ob- 
tained 

Percentage 
of  plasma 

Percentage 

of  whole 
blood  drawn 

1 
2 
3 

12,100 
2,000 
2,000 

7,350 
1,380 
1,250 

60-7 
690 
62-5 

6,800 
1,250 
1,050 

92-5 
90-6 
84-0 

56*2 
62-5 
52-5 

Total 

16,100 

9,980 

62-0 

9,100 

91-2 

56-5 

Average  yields — 

(1)  Plasma  ..... 

(2)  Serum— 

(a)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  drawn 


641 

89-0 
571 


TABLE  IX. 
Hemorrhagic  Septicemia.  Defibrination  method. 

Hill  Bulls,  2nd  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 
defibrina- 
ted  blood 
obtained 

Percent- 
age yield 
of  defibri- 
nated 
blood 

Sebum 

Series 

Volume  ob- 
tained 

Percentage 

of  defibri- 

nated  blood 

Percentage 

of  whole 
blood  drawn 

1 

16,100 

11,700 

72-7 

8,500 

72-6 

62-7 
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TABLE  X. 

H.EMORRHAGIO  SEPTICEMIA.  OXALATE  METHOD. 

Hill  Bulls,  2nd  Bleedings, 


Volume  of 

blood 
taken  cc. 

Volume  of 

plasma 

obtained 

Percent- 
age yield 
of 
plasma 

Serum 

Series 

Volume  ob- 
tained 

Percentage 
of  plasma 

Percentage 

of  whole 

blood  drawn 

1 
2 
3 
4 

12,100 

14,100 

2,000 

3,600 

7,150 
8,050 
1,350 
2,300 

59-1 
571 
67-5 
63-9 

6,550 
7,250 
1,250 
2,050 

91-6 
900 
92-6 
89-2 

541 
51-4 
62-5 
57-2 

Total    . 

31,800 

18,850 

61-9 

17,100 

90-8 

53-7 

Average  yields — 

(1)  Plasma 

(2)  Serum— 

(a)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  taken 


90-8 
56*2 


TABLE  XL 


Hemorrhagic  Septicemia. 
EiU  Bulls. 


Oxalate  method. 
3rd  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 

plasma 

obtained 

Percent- 
age yield 

of 
plasma 

Sebum 

Series 

Volume  ob- 
tained. 

Percentage 
of  plasma 

Percentage 

of  whole 
blood  drawn 

1 
2 
3 
4 

12,100 
2,000 
1,500 

14,100 

7,550 

1,300 

900 

9,750 

62-4 
650 
60-0 
69-1 

6,150 

1,200 

800 

8,750 

81-5 
92-3 

88-8 
89-2 

50-8 
600 
53-3 
61-7 

Total   . 

29,700 

19,500 

65-6 

16,850 

86-4 

56-7 

Average  yields — 

(1)  Plasma  ..... 

(2)  Serum— 

(a)  Porcentago'of  plasma 

(6)  Percentage  of  whole  blood  drawn 


641 

88-0 
56*4 
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For  the  sake  of  ready  comparison  the  results  obtained  with  hsemor- 
rhagic  septicsemia  serum  are  summarized  in  Table  XII  below: — 


TABLE  XIL 


HEMORRHAGIC  SEPTICiEMIA. 


Serum  yields. 


Average  yield  of  serum. 

Percentage  of  whole 

BLOOD   DRAWN 

Animal 

Nature  of  bleeding 

Defibrination 

Oxalate 

method 

method 

Bleedings. 

Buffaloes        .... 

1st          .         .         . 

50-6 

56-4 

2nd        .         .         . 

620 

59-2 

3rd         .          .          . 

58-5 

62-8 

Hill  Bulls        .... 

1st          .          .          . 

48-3 

571 

2nd         .          .         . 

52-7 

56-2 

»     >>           .... 

3rd         .         .         . 

56-4 

TABLE  XIII. 


Anthrax. 
Buffaloes, 


Defibrination  method. 
1st  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 
defibrina- 
ted  blood 
obtained 

Percent- 
age yield 
of  defibri- 
nated 
blood 

Serum 

Series 

Volume  ob- 
tained 

Percentage 

of  defibri- 

nated  blood 

Percentage 

of  whole 

blood  drawn 

1 
2 
3 
4 
5 
6 
7 
8 

1,900 
12,100 

2,200 
11,100 
23,900 

1,500 

1,900 
15,000 

1,600 

10,400 

1,850 

9,350 

19,650 

1,400 

1,600 

12,800 

84-2 
85-9 
84-1 
84-2 
82-2 
93-3 
84-2 
85-3 

900 

5,900 

1,400 

3,650 

10,250 

800 
1,000 
6,800 

56-2 
56-7 
75-7 
39-0 
52-2 
57-2 
62-5 
53-1 

47-4 
48*6 
63-6 
32-9 
42*9 
53-3 
52-6 
46-3 

Total    . 

69,600 

58,650 

84-3 

30,700 

52-3 

44-1 

Average  yields — 

(1)  Defibrinated  blood 

(2)  Serum— 

(a)  Percentage  of  defibrinated  blood 
(6)  Percentage  of  whole  blood  drawn 


85-4 

566 
48*6 
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TABLE  XIV. 


Anthrax. 
Buffaloes. 


Oxalate  method. 
1st  Bleedings. 


Serum 

Vnlnmo  of 

Vrilnmp  r»f 

Percent- 

Series 

blood 

plasma 
obtained 

age  yield 

of 
plasma 

taken  cc. 

Volume  ob- 
tained 

Percentage 
of  plasma 

Percentage 

of  whole 
blood  drawn 

1 

6,500 

3,950 

60-8 

3,620 

91-6 

55-7 

2 

3,200 

1,730 

530 

1,520 

87-9 

47-5 

3 

19,000 

11,350 

59-7 

10,250 

90-3 

53-9 

4 

5,100 

2,900 

56-9 

2,700 

93-1 

52-9 

5 

5,100 

3,500 

68-6 

3,250 

92-9 

63-7 

6 

3,400 

2,500 

73-5 

2,300 

92-0 

67-6 

7 

7,400 

4,450 

60-1 

3,900 

87-6 

540 

8 

13,700 

9,200 

671 

8,100 

88-0 

590 

9 

14,500 

9,500 

65-5 

8,050 

84-7 

55-5 

10 

13,600 

8,700 

640 

7,750 

89-1 

56-2 

'Total     . 

9 1,50  J 

57,780 

63-1 

51,440 

890 

56-2 

Average  yields — 

(1)  Plasma  ..... 

(2)  Serum — 

(a)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  drawn 


62-9 

89-7 
56*6 


TABLE  XV. 


Anthrax. 
Buffaloes. 


Defibrination  method. 
2nd  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 

Percent  - 

Serum 

Series 

defibrina-      ^P\  ''cT"^ 

tod  blood  :°f„'';«b- 

! 

1 

Volume  ob- 
tained 

Percentage 

of  defibri- 

nated  blood 

Percentage 

of  whole 
blood  drawn 

I 
2 
3 
4 
5 
6 
7 
8 

3,200 

2,900 
18,400 

3,200 
16,400 
24,300 

1,900 
15,000 

2,400 

2,250 
15,050 

2,200 
14,100 
20,700 

1,550 
13,300 

75-0 
77-6 
81-8 
68-8 
86-0 
85-2 
81-6 
88-7 

1,800 
1,750 

10,000 
1,500 
8,400 

13,000 
1,100 
8,100 

75'0 
77-8 
66-5 
68-2 
59-6 
62-8 
71-0 
60-9 

66-2 
60-3 
54-4 
46-9 
51-2 
53-5 
57-9 
540 

Total    . 

85,300 

71,550 

83-9 

46,650 

63-8 

63-5 

Average  yields — 

(1)  Defibrinated  blood 

(2)  Serum — 

(a)  Percentage  of  defibrinated  blood 
(6)  Percentage  of  whole  blood  drawn 


80-6 

67-9 
54*3 
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TABLE  XVI. 

Anthrax.  Oxalate  method. 

Buffaloes,  2nd  Bleedings, 


Volume  of 

blood 
taken  cc. 

Volume  of 

plasma 
obtained 

Percent- 
age yield 
of 
plasma 

Serum 

Series 

Volume  ob- 
tained 

Percentage 
of  plasma 

Percentage 

of  whole 

blood  drawn 

1 
2 
3 
4 
5 
6 
7 

19,000 

17,200 

9,300 

3,400 

7,400 

14,500 

14,500 

12,500 

11,100 

6,100 

2,400 

4,500 

10,500 

10,200 

65-8 
64-5 
66-0 
64-7 
60-8 
72-4 
70-3 

11,210 
9,700 
5,550 
2,100 
4,050 
9,500 
8,800 

89-7 
87-4 
90-4 
87-5 
900 
90-5 
86-2 

590 
56-4 
59-7 
611 
53-3 
65-5 
60*6 

Total    . 

85,500 

57,300 

67-0 

50,910 

88-8 

59*5 

Average  yields — 

(1)  Plasma 

(2)  Serum— 

(ex)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  drawn 

TABLE  XVII. 


66-6 

88-8 
59*4 


Anthrax. 


Defibrination  method. 


Buffaloes, 


2nd  Bleedings. 


Volume  of 

blood 
taken  cc. 

Volume  of 
defibrina- 
ted  blood 
obtained 

Percent- 
age yield 
of  defibri- 

nated 

blood 

Serum 

Series 

Volume  ob- 
tained 

Percentage 

of  defibri- 

nated  blood 

Percentage 
of  whole 
blood  drawn 

1 

22,100 

20,600 

92-7 

13,650 

66-5 

61-70 
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TABLE  XVIII. 
Anthrax.  Oxalate  method. 

Buffaloes.  3rd  Bleedings. 


Volume  of 

blood 
taken  cc. 

19,000 

12,100 

3,400 

7,400 

Volume  of 

plasma 

obtained 

Percent- 
age yield 

of 
plasma 

Sebum 

Series 

Volume  ob- 
tained 

Percentage 
of  plasma 

Percentage 
of  whole 
blood  drawn 

I 
2 
3 
4 

13,500 
9,050 
2,600 
5,000 

710 

74-8 
76-4 
67-5 

11,300 
7,900 
2,350 
4,500 

83-7 
87-3 
90-4 
900 

59-5 
65*3 
691 
60*8 

Total    . 

41,900 

30,150 

720 

26,050 

86-4 

62-2 

Average  yields — 

(1)  Plasma  ..... 

(2)  Serum— 

(a)  Percentage  of  plasma 

(6)  Percentage  of  whole  blood  drawn 


72*4 

87-9 
63-7 


For  comparison,  the  results  obtained  with   anthrax   serum  are  col- 
lected in  Table  XIX  below  :— 

TABLE  XIX. 


Anthrax. 


Serum  yields. 


Nature  of  bleeding 

Average  yield  of  seeum 
Percentage  of  whole 

BLOOD   DRAWN 

Animal 

Defibrination 
method 

Oxalate 
method 

Buffaloes        .... 
»»             .... 

1st         .         .         . 
2nd        .         .         . 
3rd 

48-6 

[  64-3 

61-7 

56-6 
59.4 
63-7 
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An  examination  of  Tables  XII  and  XIX  shows  at  a  glance  that  in 
every  case  the  oxalate  method  gives  higher  yields  of  serum  than  the 
defibrination  method.  In  the  latter  process  the  figures  in  the  previous 
tables  show  that  a  much  greater  loss  of  blood  takes  place  during  defi- 
brination than  is  generally  supposed.  As  regards  the  oxalate  method 
it  is  interesting  to  observe  the  surprisingly  small  amount  of  serum  lost 
in  the  clot,  the  final  yield  generally  amounting  to  about  90  per  cent,  of 
the  plasma.  Tables  XII  and  XIX  also  show  the  influence  exerted  on 
the  yield  by  the  nature  of  the  bleeding.  The  increased  yields  exhibited 
by  2nd  and  3rd  bleedings  as  compared  with  1st  clearly  indicate  a  change 
in  the  blood  composition  and  a  series  of  analyses  is  at  present  in  pro- 
gress to  determine  the  extent  of  this  change.  At  the  same  time  the 
blood  changes  in  animals  in  process  of  immunisation  against  anthrax 
and  haemorrhagic  septicaemia  are  being  investigated. 

In  the  description  of  the  oxalate  method  given  above  in  this  paper 
attention  was  drawn  to  a  striking  difference  between  the  blood 
of  buffaloes  and  of  hill  bulls.  In  the  case  of  the  former  the  corpuscles 
settle  almost  at  once  whereas  with  hill  bull  blood  but  little  separation 
takes  place  evea  in  twenty- four  hours.  This  difference  is  exhibited  by 
the  blood  of  both  normal  and  immunised  animals.  A  series  of  analyses 
has  therefore  been  carried  out  with  normal  animals  to  see  whether  there 
might  be  any  marked  analytical  differences  between  the  two  bloods 
which  would  account  for  this  behaviour.  The  results  are  given  below 
in  Table  XX. 

The  analytical  data  investigated  and  the  "methods  employed  were 
as  follows  : — 

(1)  Count  of  red  cells.     This  was  kindly  carried  out  for  me  by 

Dr.  G.  H.  Macalister,  Pathologist  in  this  laboratory,  to 
whom  my  thanks  are  due. 

(2)  Estimation  of  protein  in  (a)  whole  blood,  (6)  corpuscles,  (c) 

plasma.  The  corpuscles  from  a  definite  volume  of  blood 
were  washed  on  the  centrifuge  with  saline  until  free  from 
serum,  etc. 

(3)  Calculation  from  (2)  of  the  relative  proportions  of  plasma  and 

corpuscles  in  the  blood. 

(4)  Analysis  of  serum  proteins  : — 

(a)  Total. 

(b)  Albumin  and  Globulin. 

(c)  Salt-insoluble  proteins. 

Total  'protein.  This  was  calculated  from  the  nitrogen  content  esti- 
mated by  Kjeldahl's  method. 

Mbumin  and  Globulin.  The  globulin  was  separated  by  saturation 
with  magnesium  sulphate  and  the  nitrogen  in  the  filtrate  estimated. 
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Salt-insoluble  proteins.  These  were  removed  by  saturation  with 
salt  and  estimations  of  the  residual  nitrogen  in  the  filtrate  then  made. 

All  analyses  were  carried  out  in  duplicate.  The  figures  given  on 
previous  page,  Table  XX,  are  the  mean  results  of  closely  agreeing 
experim.ents. 

On  examining  the  above  figures  it  will  be  seen  that  there  is  practi- 
cally no  difference  in  the  percentage  of  plasma  in  the  two  bloods,  the 
average  figures  being  68-3  and  67-8  for  buffaloes  and  hill  bulls  respec- 
tively. When  one  comes  to  the  serum,  however,  a  marked  difference  is 
at  once  apparent,  the  hill  bull  serum  in  every  case  containing  considerably 
more  globulin  than  buffalo  serum.  The  average  result  expressed  in 
percentages  of  the  total  serum  protein  was  56-6  for  buffaloes  and  65-1 
for  hill  bulls.  It  is  obvious  that  a  change  of  this  pronounced  nature 
might  very  easily  have  a  great  influence  on  the  physical  properties  of 
the  blood.  It  has  unfortunately  been  impossible  at  the  present  time  to 
carry  out  any  viscosity  determinations  but  it  seems  likely  that  the  differ- 
ence in  behaviour  of  the  two  bloods  is  due  to  this  factor.  Another 
interesting  point  is  the  extreme  irregularity  of  the  salt-insoluble  protein 
content,  a  fact  previously  noticed  by  other  observers.  Meantime  for 
convenience  in  working  it  is  obviously  desirable  to  employ  as  large  a 
percentage  of  buffaloes  as  possible  as  in  this  way  the  volume  of  blood  to 
be  centrifugalised  can  be  reduced  to  a  minimum. 


SUMMARY  AND  CONCLUSIONS. 

(1)  In  the  preparation  of  haemorrhagic  septicajraia  and  anthrax 
sera  the  oxalate  method  gives  a  considerably  increased  yield  of  serum 
as  compared  with  the  defibrination  method. 

(2)  The  serum  prepared  by  the  oxalate  method  is  greatly  superior 
in  appearance  to  that  obtained  by  defibrination  and  centrifugalisation. 

(3)  In  the  case  of  buffalo  blood  the  oxalate  m.ethod  saves  50  per  cent, 
of  the  centrifugalising  as  the  corpuscles  settle  rapidly  and  the  plasma 
can  be  syphoned  off.  This  point  is  of  considerable  practical  importance 
where  large  quantities  of  sera  are  dealt  with  as  the  consequent  economy 
in  engine  power  entails  an  appreciable  saving  of  expense. 

(4)  With  hill  bull  blood  the  corpuscles  show  little  tendency  to  settle 
and  the  whole  of  the  blood  has  to  be  centrifugalised  as  in  the  defibrina- 
tion method. 

(5)  In  both  hsemorrhagic  septicaemia  and  anthrax  bleedings  if  a 
series  of  bleedings  be  taken  at  short  intervals  the  yield  of  serum  in- 
creases progressively,  the  third  bleeding  giving  a  larger  percentage  of 
serum  than  the  second  which  in  turn  yields  more  than  the  first. 
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(6)  Analyses  of  normal  buffalo  and  hill  bull  blood  show  that  the 
serum  from  the  latter  animal  contains  a  considerably  larger  percentage 
of  globulins  than  does  that  from  buffaloes.  This  seems  to  be  the  chief 
point  of  difference  between  the  two  bloods. 

In  conclusion  I  wish  to  acknowledge  the  able  assistance  rendered  me 
by  Mr.  G.  P.  Goffi,  2nd  Laboratory  Assistant.  The  misadventures  so 
frequently  consequent  on  the  introduction  of  a  new  working  method 
were  almost  entirely  avoided  owing  to  the  careful  way  in  which  he 
supervised  every  stage  of  the  process. 

The  Imperial  Bacteriological  Laboratory, 

MuKTESAR,  United  Provinces. 

Odoher  10, 1915. 


CALCUTTA 

SUPERINTENDENT   GOVERNMENT    PRINTING,    INDIA 

8,    HASTINGS    STREET 


Thompson  &  Co.,  Madras.  Nagpur. 


7.  Thacker  &  Co.,  Ltd.,  Bombay. 

8.  Sunder  Pandurang,   Bombay. 

9.  Rai    Sahib    M.    Gulab    Singh    &    Sons, 

Lahore. 
10.  Manager,      Educational      Book      Depot, 


Publications  of  the  Imperial  Department  of  Agriculture  in  India, 

To  be  had  from  : — 

The  Office  of  the  Agricultural  Adviser  to  the  Government  of  India,  Pusa,  Bihar, 

and  from  the  following  Agents  :— 

1.  Thacker,  Spink  &  Co.,  Calcutta. 

2.  W.  Newman  &  Co.,  Calcutta. 

3.  Rai  M.  C.  Sarkar  Bahadur  &  Sons,  Cal- 

cutta. 

4.  Higginbothams,  Ltd.,  Madras. 
5. 

6.  D.  B.  Taraporevala,  Sons  &  Co.,  Bombay. 
Annual  Report  of  the  Imperial  Department  of  Agriculture  in  India  for  the  year  1904-05.     Price, 

As.  12  or  Is.  2d.     {Out  of  yrint.)  mnc  nr? 

Report  of  the  Imperial  Department  of  Agriculture  in  India  for  the  years  1905-05  and  lyUb-U^ 
Price,  As.  6  or  7d.  ,    ,.       x,      ti         x     i;  ^u 

Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  ot  the 

Imperial  Cotton  Specialist),  for  the  years  1907-09.     Price,  As.  4  or  5d. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1909-10.     Price,  As.  4  or  5d. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1910-11.     Price,  As.  6  or  Id.     {Out  of  imnt.) 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1911-12.     Price,  As.  6  or  Id. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1912-13.     Price,  As.  7  or  M. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1913-14.     Price,  As.  8  or  9tZ. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1914-15.     Price,  As.  8  or  9^. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  years  1907-09.     ^ 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1909-10. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1910-11. 

{Oiit  of  frint.) 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1911-12. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1912-13. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1913-14. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1914-15. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  6th  January  1905  and 

following  days  (with  Appendices).     Price,  As.  8  or  9fZ. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  15th  January  1906  and 

following  days  (with  Appendices).     Price,  As.    12  or  Is.  2d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Cawnpur  on  the  18th  February  1907  and 

following  days  (with  Appendices).     Price,  R.  1-2  or  l.s.  td. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  17th  February  1908  and 

following  days  (with  Appendices).     Price,  As.  8  or  ^d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Nagpur  on  the  15th  February  1909  and 

following  days  (with  Appendices).     Price,  As.  8  or  9f/. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  21st  February  1910  and 

following  days  (with  Appendices).     Price,  As.  8  or  9«Z. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  20th  November  1911  and 

following  days  (with  Appendices).     Price,  As.  10  or  Is.     {Out  of  print.) 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Coimbatore  on  the  8th  December  1913 

and  following  days  (with  Appendices).     Price,  R.  1-2  or  Is.  '^d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  7th  February  1916  and 

following  days  (with  Appendices).     Price,  R.  1-2  or  Is.  M. 
Proceedings   of  the   Inter-Provincial  Jute   Conference   held   at   Calcutta   from   the  2nd   to   4th 

August  1915  (with  Appendices).     Price,  As.  6  or  Id. 
Standard   Curriculum   for  Provincial  Agricultural   Colleges   as  recommended  by  the  Board    of 

Agriculture,  1908.     Price,  As.  4  or  bd. 
The  Agriculturcd  Journal  of  India: — A  Quarterly  Journal  dealing  with  subjects  connected  with 

agricultural  economics,  field  and  garden  crops,  economic  plants  and  fruits,  soils,  manures, 

methods   of  cultivation,    irrigation,   climatic   conditions,    insect   pests,   fungus   diseases,    co- 
operative  credit,    agricultural   cattle,    farm    implements   and   other   agricultural   matters    in 

India.     Illustrations,  including  coloured  plates,  form   a  prominent  feature  of  the  Journal 

It  is  edited  by  the  Agricultural  Adviser  to  the  Government  of   India  with  the  assistance 

of  the  staff  of  the  Pusa  Agricultural  Research  Institute.     Annual   subscription,    Rs.   6  or 

8s.  6d.,  including  postage.     Single  copy,  Rs.  2  or  3  shillings. 
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Memoirs  of  the  Department  of  Agriculture  in  India  are  Issued  from  time  to 
time  as  matter  is  available,  in  separate  series,  such  as  Chemistry,  Botany,  Ento- 
mology and  the  like. 


BOTANICAL  SERIES 

Vol.  I,  No.  I.  Studies  in  Root  Parasitism.     The  Haustorium  of  Santalum  album,  Part  I. — 

Early  Stages  up  to  Penetration,  by  C.   A.   Barber,   m.a.,  f.l.s.     Price, 

B.  1.     {Out  of  frint.) 

Part  II. — The  Structure  of  the  Mature  Haustorium  and  the  Inter-relations 
between  Host  and  Parasite,  by  C.  A.  Barber,  m.a.,  f.l.s.  Price,  Rs.  3. 
[Out  of  'print.) 

Vol.  I,  No.  II.  Indian  Wheat  Rusts,   by  E.  J.  Butler,  m.b,,  f.l.s.  ;  and  J.   M.   Hayman, 

D.v.s.     Price,  Rs.  3.     [Out  of  print.) 
Vol.  I,  No.  III.  Fungus   Diseases   of   Sugarcane  in  Bengal,  by   E.    J.    Butler,   m.b.,   f.l.s. 

Price,  Rs.  3.     {Out  of  print.) 

Vol.  I,  No.  IV.  Gossypium  obtusi folium,  Roxburgh,  by  I.  H.  Burkill,  m.a.     Price,  R,  1. 

Vol.  I,  No.  V.  An  Account  of  the  Genus  Phythium  and  some  Chytridiacece,  by  E.  J.  Butler, 

m.b.,  f.l.s.     Price,  Rs.  4-8.     {Out  of  print.) 

Vol.  I,  No.  VI.  Cephaleuros  virescens,  Kunze;   The   'Red  Rust'   of   Tea,  by   Harold   H. 

Mann,  d.sc.  ;  and  C.  M.  Hutchinson,  b.a.     Price,  Rs.  4.     {Out  of  print.) 

Vol.  II,  No.  I.  Some   Diseases   of    Cereals   caused   by   Schrospora   graminicola,    by    E.    J. 

Butler,  m.b.,  f.l.s.     Price,  R.  1-8. 

Vol.  II,  No.  II.  The   Indian  Cottons,   by   G.    A.    Gammie,   f.l.s.     Price,   Rs.    7-8.     {Out   of 

print. ) 

Vol.  II,  No.  III.  Note  on  a  Toxic  Substance  excreted  by  the  Roots  of  Plants,  by  F.  Fletcher, 
m.a.,  b.sc.     Price,  R.  1-8. 

Vol.  II,  No.  IV.  Studies  in  Root  Parasitism,  III. — The  Haustorium  of  Olax  scandens,  by  C. 

A.  Barber,  m.a.,  f.l.s.     Price,  Rs.  2-8. 

Vol.  II,  No.  V.  Studies  in  Root  Parasitism,  IV. — The  Haustorium  of  Cansjera  Eheedii,  by 

C.  A.  Barber,  m.a.,  f.l.s.     Price,  Rs,  2-8.     {Out  of  print.) 

Vol.  II,  No.  VI.  Some  experiments  in  the  Hybridizing  of  Indian  Cottons,  by  P.  F.  Fyson, 

B.A.,  F.L.S.     Price,  R.  1-8.     {Out  of  print.) 

Vol.  II,  No.  VII.        The  Varietal  Characters  of  Indian  Wheats,  by  Albert  Howard,  m.a.,  f.l.s.  ; 

and  Gabrielle  L.  C.  Howard,  m.a.     Price,  R.  1.     {Out  of  print.) 
Vol.  II,  No.  VIII.      The  Mulberry  Disease  caused  by  Coryneum  mori  Nom.  in  Kashmir,  with 

notes  on  other  Mulberry  Diseases,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price, 

R.   1-8.     {Out  of  print.) 

Vol.  II,  No.  IX.         The   Wilt   Disease   of    Pigeon-Pea   and   the   parasitism    of   N eocosmospora 

vasinfecfa,  Smith,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price,  Rs.  3. 
Vol.  Ill,  No.  I.  Studies  in  Indian  Tobaccos,  No.  1.     The  Types  of  Nicotiana  rustica,   L., 

Yellow   Flowered   Tobacco,   by   Albert   Howard,    m.a,,   a.r.c.s.,    f.l.s.; 

and  Gabrielle  L.  C.  Howard,  m.a.     Price,  Rs.  4. 
Vol.  Ill,  No,  II.         Studies  in  Indian  Tobaccos,  No.  2.     The  Types  of  Nicotiana  tabacum,  L., 

by  Albert  Howard,  m.a,,  a.r.c.s.,  f.l.s,  ;  and  Gabrielle  L.  C,  Howard, 

M.A.     Price,  Rs.  9. 

Vol.  Ill,  No,  III.       Studies  in  Indian  Fibre  Plants,  No,  1.     On  two  varieties  of  Sann,  Crotalaria 

juncea,   L,,   by  Albert  Howard,   m,a.,   a.r.c.s.,   f.l.s.  ;    and   Gabrielle 

L,  C.  Howard,  m,a.     Price,  R.  1, 
Vol,  III,  No,  IV,        The  Influence  of  the  Environment  on  the  Milling  and  Baking  Qualities  of 

Wheat  in   India,   No,   1.     The  Experiments  of   1907-08   and   1908-09,   by 

Albert  Howard,  m.a.,  a.r.c.s.,  f.l.s.  ;  H.  M.  Leake,  m.a.  ;  and  Gabrielle 

L.  C.  Howard,  m.a.     Price,  R,  1. 
Vol.  Ill,  No.  V.  The  Bud-Rot  of  Palms  in  India,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price,  Rs.  2, 

Vol,  III,  No.  VI,       The    Economic    Significance    of    Natural    Cross-Fertilization    in    India,    by 

Albert  Howard,  m.a.,  a.r.c.s.,  f.l.s.;  Gabrielle  L.  C.  Howard,  m.a!; 

and  Abdur  Rahman  Khan.     Price,  Rs.  4-8. 
Vol.  IV,  No.  I.  Millets  of  the  Genus  Setaria  in  the  Bombay  Presidency  and  Sind,  by  G.  A. 

Gammie,  f.l.s.     Price,  R.  1. 

Vol.  IV,  No.  II.  Studies  in  Indian  Fibre  Plants,  No.  2.  On  some  new  Varieties  of  Hibiscus 
cannabmus,  L.,  and  Hibiscus  Sabdariffa,  L.,  by  Albert  Howard,  m.a., 
A.R.C.S.,  f.l.s.;  £|,nd  Gabrielle  L.  C,  Howard,  m.a.     Price,  Rs.  3. 
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BOTANICAL  SERIES— continued 

Vol.  IV,  No.  III.        Notes  on  the  Incidence  and  Effect  of  Sterility  and  of  Cross-fertilization  in 

the  Indian  Cottons,  by  H.  M.  Leake,  m.a.  ;  and  Ram  Prasad.     Price,  R.  1. 
Vol.  IV,  No.  IV.        Note  on  the  Inheritance  of  Red  Colour  and  the  Regularity  of  Self-fertiliza- 
tion   in    Corchorus   ccvpnularis,    L.,    the   common   Jute   plant,   by    I.    H. 

BuRKiLL,  M.A.,  F.L.s. ;  and  R.  S.  Finlow,  b.sc.     Price,  R.  1. 
Vol.  IV,  No.  V.  Observations  on  Certain  Extra- Indian  Asiatic  Cottons,  by  H.  M.  Leake, 

M.A. ;  and  Ram  Prasad.     Price,  R.  1-8. 
Vol.  IV,  No.  VI.        The  Morphology  and  Parasitism  of  lihizoctonia,  by  F.  J.  F.  Shaw,  b.sc, 

A.R.C.S.,  F.L.s,     Price,  Rs.  2. 
Vol.  V,  No.  I.  On  the  Inheritance  of  some  Characters  in  Wheat — I,  by  A.  Howard,  m.a., 

A.R.C.S.,  F.L.s.;  and  Gabriellb  L.  C.  Howard,  m.a.     Price,  R.  1. 
Vol.  V,  No.  II.  The  Influence  of  the  Environment  on  the  Milling  and  Baking  Qualities  of 

Wheat  in   India,    No.    2— The   Experiments   of    1909-10  and   1910-11,   by 

A.  Howard,  m.a.,  a.r.c.s.,  f.l.s.  ;    H.  M.  Leake,  m.a.;  and  Gabrielle 

L.  C.   Howard,  m.a.     Price,  R.  1. 
Vol.  V,  No.  III.  The  Varieties  of  Soy  Beans  found  in  Bengal,  Bihar  and  Orissa  and  their 

commercial  possibilities,   by  E.   J.    Woodhouse,   m.a.,  f.l.s.  ;   and   C.   S. 

Taylor,  b.a.     Price,  Rs.  2. 
Vol.  V,  No.  IV.  On  Phi/tophthora  imrasitica  nov.   spec.     A  new  Disease  of  the  Castor  Oil 

Plant,  by  J.  F.  Dastur,  b.sc.     Price,  Rs.  2. 
Vol.  V,  No.  V.  Studies   in   Peronosjwracecu    by    E.    J.    Butler,    m.b.,    f.l.s.  ;    and    G.    S. 

KuLKARNi,  L.Ag.     Pricc,  Rs.  2. 
Vol.  VI,  No.  I.  Notes  on  Pollination  and   Cross-Fertilization   in  the  Common  Rice  Plant, 

Oryza  sativa,  Linn.,  by  G.  P.  Hector,  m.a.,  b.sc.     Price,  R.  1. 
Vol.  VI,  No.  11.         A  Sc'lerotial  Disease  of  Rice,  by  F.  J.  F.  Shaw,  b.sc,  a.r.c.s.,  f.l.s.     Price, 

R.  1. 
Vol.  VI,  No.  III.        Studies   in   Indian   Tobaccos,    No.    3.     The    Inheritance   of    Characters    in 

Nicotiana  tahacum,  L.,  by  Gabrielle  L.  C.  Howard,  m.a.     Price,  Rs.  3. 
Vol.  VI,  No.  IV.        Studies  in  Indian  Cottons,  Part  I— The  Vegetative  Characters,  by   H.  M. 

Leake,  m.a.  ;  and  Ram  Prasad.     Price,  Rs.  3-8. 
Vol.  VI,  No.  V.  Red  Rot  of  Sugarcane,  by  E.  J.  Butler,  m.b.,  f.l.s.  ;  and  A.  Hafiz  Khan. 

Price,  R.  1. 
Vol.  VI,  No.  VI.        Some  New  Sugarcane  Diseases,  by  E.  J.  Butler,  m.b.,  f.l.s.;  and  Abdul 

Hafiz  Khan.     Price,  Rs.  2. 
Vol.  VI,  No.  VII.      A  Preliminary  Note  on  the  Classification  of  Rice  in  the  Central  Provinces, 

by  R.  J.  D.  Graham,  m.a.,  b.sc.     Price,  R.  1-8. 
Vol.  VI,  No.  VIII.    The  Influence  of  the  Environment  on  the  Milling  and  Baking  Qualities  of 

Wheat  in  India,  No.  3.     The  Experiments  of  1911-12,  by  A.   Howard, 

C.I.E.,  M.A. ;   H.   M.  Leake,  m.a,  ;  and  Gabrielle  L.   C.   Howard,  m.a. 

Price,  R.  1  or  l.§.  6fi. 
Vol.  VII,  No,  I.  Studies  in  Indian  Sugarcanes,  No.  1,  Punjab  Canes,  by  C.  A.  Barber,  sc.d. 

Price,  Rs.  3-8  or  5.9.  6f/, 
Vol,  VII,  No,  II,        The  Distinguishing  Characters  of  Sugarcanes  cultivated  at  Sabour,  by  E,  J. 

Woodhouse,  m.a.  ;  and  S.  K.  Basu,  m.a,,  with  a  note  on  Chemical  Charac- 
ters by  C,  Somers  Taylor,  b,a.     Price,  R,  1-8  or  2s.  6d. 
Vol,  VEI,  No,  III,      The  Potato  Blight  in  India,  by  J,  F,  Dastur,  b,sc     Price,  R,  1  or  Is,  6d. 
Vol.  VII,  No.  IV.      The   Genus   lihizoctonia    in   India,   by   F,   J,    F.    Shaw,   b,sc,  ;   and   S,    L, 

Ajrekar,  b,a.     Price,  R,  1  or  Is.  6d. 
Vol,  VII,  No,  V.        Experiments   on  the  Physiology   of   Indigo-yielding   Glucosides,   by   F,    R, 

Parnell,  b,a.     Price,  R,  1  or  l.s,  6d. 
Vol.  V  EI,  No,  VI.      Some  Varieties   of   Indian   Gram    (Oicer  arietinum,   L,),   by  A.    Howard, 

c,i,e.,  m,a,  ;  Gabrielle  L,  C.  Howard,  m.a,  ;  and  Abdur  Rahman  Khan! 

Price,  R.  1  or  Is.  6d. 
Vol.  Vn,  No.  VII.     Studies    in    Indian    Oil-Seeds,    No.    1,     Safflower    and    Mustard,    by    A. 

Howard,    ci.e,,    m.a,;    Gabrielle    L,    C,    Howard,    m.a.;    and    Abdur 

Rahman  Khan,     Price,  R,  1-8  or  2s,  6c?. 
Vol,  Vtl,  No,  VIII.  On   the   Inheritance  of   some   Characters   in   Wheat,    II,    tiy   A.    Howard, 

C.I.E.,  m.a.  ;  and  Gabrielle  L.  C,  Howard,  m,a.     Price,  R.  1-8  or  2s.  6d. 
Vol,  VIII,  No,  I,        The  Wheats  of  Baluchistan,  Khorasan  and  the  Kurram  Valley,  by  Gabrielle 

L,  C,  Howard,  m.a.     {In  the  2? '"ess.) 
Vol.  VIII,  No.  II.        Observations  on  the  Inheritance  of  Anthocyan  Pigment  in  Paddy  varieties, 

by  G.  P.  Hector,  m.a.,  b.sc     (In  the  press.) 
Vol.  VIII,  No.  III.      Studies  in  Indian  Sugarcanes  No.  2,  Sugarcane  Seedlings,  including  some 

correlations  between  Morphological  Characters  and  Sucrose  in  the  juice, 

by  C.  A.  Barber,  sc.d,     (In  the  press.) 
Vol,  VIII,  No,  IV.    Pollination  and  Cross-fertilization  in  the  Juar  plant,  by  R.  J,  D.  Graham, 

M.A,,  B.sc.     {In  the  press.) 
Vol.  VIII,  No.  V".      Pliytojdithora  sp.  on  Hevea  hrasiliensiii,  by  J.   F,   Dastur,  b.sc.     {In  the 

press. ) 
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CHEMICAL  SERIES 

Vol.  I,  No.  I.  The  Composition  of  Indian  Rain  and  Dew,  by  J.  Walter  Leather,  Ph.D., 

r.i.c.     Price,  R.  1. 
Vol.  I,  No.  II.  The   Composition  of  Oil- Seeds   of   India  by  J.    Walter  Leather,   Ph.D., 

F.i.c.     Price,    R.  1.     {Out  of  print.) 
Vol.  I,  No.  III.  The  Pot-Culture  House  at  the  Agricultural  Research  Institute,  Pusa,  by 

J.  Walter  Leather,  Ph.D.,  f.i.c.     Price,  Rs.  3. 
Vol.  I,  No.  IV.  Experiments  on  the  Availability  of   Phosphates  and   Potash  in  Soils,   by 

J.  Walter  Leather,  Ph.D.,  f.i.c.     Price,  R.  1-8. 
Vol.  I,  No.  V.  The  Construction  of  Drain  Gauges  at  Pusa,  by  M.  H.  Arnott,  m.inst.c.e., 

with  a  Preface,  by  J.  Walter  Leather,  ph.D.,  f.i.c.     Price,  Rs.  3.     {Out 

of  print.) 
Vol.  I,  No.  VI.  The  Loss  of  Water  from  Soil  during  Dry  Weather,  by  J.  Walter  Leather, 

Ph.D.,  f.i.c.     Price,  Rs.  2.     {Out  of  print.) 
Vol.  I,  No.  VII.         The   System   Water,    Calcium    Carbonate,    Carbonic   Acid,    by    J.    Walter 

Leather,  ph.D.,  f.i.c.  ;  and  Jatindra  Nath  Sen,  m.a.     Price,  R.  1. 
Vol.  I,  No.  VIII.       Water  Requirements  of  Crops  in  India,  by  J.  Walter  Leather,  ph.D.,  f.i.c. 

Price,  Rs.  3. 
Vol.  I,  No.  IX.  The  Nature  of  the  Colour  of  Black  Cotton  Soil,  by  H.  E.  Annett,  b.sc. 

Price,  R.  1. 
Vol.  I,  No.  X.  Water  Requirements  of  Crops  in  India — II,  by  J.  Walter  Leather,  ph.D., 

F.I.C.     Price,  Rs.  2-8. 
Vol.  II,  No.  I.  The  Composition  of  the  Milk  of  some  Breeds  of  Indian  Cows  and  Buffaloes 

and  its  Variations,  Part  I.     The  milk  of  some  breeds  of  Indian  cows,  by 

A.  A.  Meggitt,  b.sc;  and  H.  H.  Mann,  d.sc.     Price,  R.  1-8. 
Vol.  II,  No.  II.  Records  of  Drainage  in  India,  by  J.  Walter  Leather,  ph.D.,  f.i.c.     Price, 

R.  1. 
Vol.  II,  No.  III.        The  Rah  System  of  Rice  Cultivation  in  Western  India,  by  H.   H.  Mann, 

D.sc;  N.  V.  JosHi,  B.A.,  B.sc,  L.Ag. ;  and  N.  V.  Kantikar,  B.Ag.     Price, 

R.  1. 
Vol.  II,  No.  IV.         The  Composition  of  the  Milk  of  some  Breeds  of  Indian  Cows  and  Buffaloes 

and  its  Variations,  Part  II.     The  milk  of  some  breeds  of  Indian  buffaloes,. 

by  A.  A.  Meggitt,  b.sc  ;  and  H.  H.  Mann,  d.sc     Price,  R.  1-8. 
Vol.  II,  No.  V.  A  Contribution  to  the  Knowledge  of  the  Black  Cotton  Soils  of  India,  by 

W.  H.  Harrison,  m.sc;  and  M.  R.  Ramaswami  Sivan,  b.a.     Price,  R.  1. 
Vol.  II,  No.  VI.         The  Date-Sugar  Industry  in  Bengal,   an  Investigation  into  its   Chemistry 

and  Agriculture,  by  H.  E.  Annett,  b.sc,  assisted  by  G.  K.  Lele,  L.Ag. ; 

and  Bhailal  M.  Amin,  b.a.     Price,  Rs.  3. 
Vol.  Ill,  No.  I.  Evaporation  from  a  Plain  Water  Surface,  by  J.   Walter  Leather,  ph.D., 

f.i.c.     Price,  R.  1. 
Vol.  Ill,  No.  II.         Studies  in  the  Chemistry  and  Physiology  of  the  Leaves  of  the  Betel-vine 

{Piper  Detle)  and  of  the  Commercial  Bleaching  of  Betel-vine  Leaves,  by 

H.    H.    Mann,   d.sc  ;   D.    L.    Sahasrabuddhe,    b.sc,   L.Ag. ;    and   V.    G. 

Patwardhan,  B.Ag.     Price,  R.  1-8. 
Vol.  Ill,  No.  III.       The  Gases  of  Swamp  Rice  Soils,  Part  I.     Their  Composition  and  Relation- 
ship to  the  Crop,  by  W.   H.   Harrison,  m.sc  ;  and  P.   A.   Subramanla 

AiYER,  B.A.     Price,  R.  1-8. 
Vol.  Ill,  No.  IV.       The  Experimental  Error  in  Sampling  Sugarcane,  by  J.   Walter  Leather, 

Ph.D.,  f.i.c.     Price,  R.  1. 
Vol.  Ill,  No.  V.         The  Fractional  Liquefaction  of  Rice  Starch,  by  F.  J.  Warth,  m.sc  ;  and 

D.  B.  Darabsett,  b.sc     Price,  R.  1. 
Vol.  Ill,  No.  VI.        The  Yield  and  Composition  of  the  Milk  of  the  Montgomery  herd  at  Pusa 

and  Errors  in  Milk  Tests,   by  J.    Walter   Leather,   ph.D.,   f.i.c.  ;    and 

A.  C.  DoBBS.     Price,  R.  1  or  is.  dd. 

'fo\.  Ill,  No.  VII.  The  System  Potassium  Nitrate,  Sodium  Chloride,  Water,  by  J.  Walter 
Leather,  ph.D.,  f.i.c;  and  Jatindra  Nath  Mukherji,  b.a.,  b.sc  Price, 
R.  1  or  Is.  dd. 

Vol.  Ill,  No.  VIII.  The  Systems — (A)  Water,  Magnesium  Carbonate  and  Carbonic  Acid,  (B) 
Water,  Calcium  Carbonate,  Magnesium  Carbonate  and  Carbonic  Acid,  by 
J.  Walter  Leather,  ph.D.,  f.i?c.  ;  and  Jatindra  Nath  Sen,  m.a.  Price, 
R.  1  or  Is.  6d. 

Vol.  Ill,  No.  IX.  Studies  of  an  Acid  Soil  in  Assam,  by  A.  A.  Meggitt,  b.sc  Price,  R.  1-8 
or  2s.  6d. 

Vol.  IV,  No.  I.  The  Gases  of  Swamp  Rice  Soils,  Part  II.     Their  Utilization  for  the  Aera- 

tion of  the  Roots  of  the  Crop,  by  W.  H.   Harrison,  m.sc  ;  and  P.  A. 
Subramania  Aiyer,  b.a.     Price,  R.  1  or  Is.  6d. 

Vol.  IV,  No.  II.         Soil  Temperatures,  by  J.  Walter  Leather,  v.d.,  f.i.c.     Price,  Rs.  2  or  Zs. 

Vol.  IV,  No.  III.       Soil  Gases,  by  J.  Walter  Leather,  v.d.,  f.i.c.     Price,  R.  1-8  or  2s.  6d. 
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CHEMICAL  SERIES— contimiei. 

Vol.  IV,  No.  IV.        The    Gases    of    Swamp    Rice    Soils,    Part    III.     A    Hydrogen-Oxidizing 

Bacterium   from   these   Soils    hy   W.    H.    Harrison,   d.sc.  ;    and   P.    A. 

SuBRAMANiYA  AiYER,  B.A.     Price,  As;  12  or  Is. 
Vol.  IV,  No.  V.  Some    Factors   affecting   the   Cooking   of    DhoU    {Cajanus   indicus),   by    B. 

ViswANATii    T.    Lakshmana    Eow,    B.A.,    and    P.    A.    Raghunathswami 

Ayyangar,  d.a.     Price,  R.  1  or  Is.  6d. 
Vol.  IV,  No.  VI.        The   Insects   attacking  stored   wheat   in   the   Punjab   and  the  methods   of 

combating  them  (including  a  chapter  on  the  Chemistry   of  Respiration). 

by  J.  H.  Barnes,  b.sc,  f.i.c.  ;  and  A.  J.  Grove,  m.sc.     {In  the  press.) 
Vol.  IV,  No.  VII.      Studies  in  the  Chemistry  and   Physiology  of  the  Leaves  of  the  Betel-vine 

(Piper   Betle)    and    of    the    Commercial    Bleaching   of    Betel-vine   leaves. 

Part  II,  by  H.   H.  Mann,  d.sc,  and  V.  G.  Patwardhan,  B.Ag.     Price, 

R.  1  or  Is.  6(/. 
Vol.  V,  No.  I.  The  Gases  of  Swamp  Rice  Soils,  Part  IV.     The  Source  of  the  Gaseous  Soil 

Nitrogen,  by  W.  H.  Harrison,  d.sc,  and  P.  A.  Subramania  Aiyer,  b.a 

{In  the  press.) 


Vol.  I,  No.  I. 
Vol.  I,  No.  II. 
Vol.  I,  No.  III. 
Vol.  I,  No.  IV. 

Vol.  I,  No.  V. 

Vol.  I,  No.  VI. 
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Vol.  II,  No.  III. 

Vol.  II,  No.  IV. 

Vol.  II,  No.  V. 

Vol.  II.  No.  VI. 

Vol.  II,  No.  VII. 

Vol.  II,  No.  VIII. 

Vol.  II,  No.  IX. 

Vol.  II,  No.  X. 

Vol.  III. 
Vol.  IV,  No.  I. 
Vol.  IV,  No.  II. 
Vol.  IV,  No.  III. 
Vol.  IV,  No.  IV. 
Vol.  IV,  No.  V. 

Vol.  IV,  No.  VI. 
Vol.  V,  No.  I. 


ENTOMOLOGICAL  SERIES 

The  Bombay  Locust — A  Report  on  the  Investigation  of  1903-04,  by  H.  M. 

Lefroy,  M.A.,  F.E.S.,  F.z.s.     Price,  Rs.  2-8. 
The  more  important   Insects  injurious  to   Indian  Agriculture,  by   H.    M. 

Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  Rs.  3.     {Out  of  print.) 

The  Indian  Surface  Caterpillars  of  the  Genus  Agrotis,  by  H.  M.  Lefroy, 

M.A.,  f.e.s. ,  F.z.s. ;  and  C.  C.  Ghosh,  b.a.     Price,  R.  1-8.     {Out  of  print.) 

Individual  and  Seasonal  Variations  in  Uelopeltis  theivora,  Waterhouse,  with 

description  of  a  new  species  of  Helopdtis,  by  Harold  H.  Mann,  d.sc 

Price,  R.  1-8. 

The  Coccidm  attacking  the  Tea  Plant  in  India  and  Ceylon,  by  E.  E.  Green, 

F.E.S.,  F.z.s. ;  and  Harold  H.  Mann,  d.sc     Price,  R.  1.     {Out  of  print.) 

The  Mustard   Sawfly,  by  H.   M.   Lefroy,   m.a.,  f.e.s.,  f.z.s.  ;   and  C.    C. 

Ghosh,  b.a.     Price,  R.  1.     {Out  of  print.) 
The  Rice  Bug,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  R.  1. 
Remarks  on  Indian  Scale  Insects   {Coccidm),  Part  III,  by  E.   E.    Green, 

F.E.S.,  F.z.s.     Price,  R.  1-8. 
The  Red  Cotton  Bug,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  R.  1. 

{Out  of  print.) 
The_ Castor  Semi-Looper,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  Rs.  2. 

{Out  of  print.) 
The   Tobacco   Caterpillar,   by   H.    M.    Lefroy,   m.a.,   f.e.s.,   f.z.s.     Price, 

R.  1-8.     {Out  of  print.) 
The  Cotton  Leaf-Roller,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  R.  1-8. 

{Out  of  print.) 
Notes  on  Indian  Scale  Insects  {Coccidce),  by  H.   Maxwell-Lefroy,  m.a., 

f.e.s.,  f.z.s.     Price,  R.  1-8.     {Out  of  print.) 
Life-Histories  of  Indian  Insects — I.  {Coleoptera),  by  H.  Maxwell-Lefroy, 

m.a.,  f.e.s.,  f.z.s.     Price,  Rs.  2. 
Life-Histories  of  Indian  Insects — II.  Some  Aquatic  Bhynchota  and  Coleop- 
tera, by  D.  Nowrojee,  b.a.     Price,  R.  1-8. 
Life-Histories    of    Indian    Insects — III.     The    Rhinoceros    Beetle    {Oryctes 
rhinoceros)  and  the  Red  or  Palm  Weevil   {Rhynchophorus  ferrugineus), 
by  C.  C.  Ghosh,  b.a.     Price,  Rs.  2. 
The  Food  of  Birds  in  India,  by  C.   W.   Mason,   m.s.e.a.c,  edited  by  H. 

Maxwell-Lefroy,  m.a.  f.e.s.,  f.z.s.     Price,  Rs.  7-8. 
Eri  Silk,  by  H.  Maxwell-Lefroy,  m.a.,  f.e.s.,  f.z.s.;  and  C.  C.  Ghosh, 

B.A.     Price,  Rs.  3. 
Tetriginse  {Acridiince)  in  the  Agricultural  Research  Institute,  Pusa,  Bihar, 
with  description  of  new  species,  by  J.  L.  Hancock,  f.e.s.     Price,  R.  1. 
The  Big  Brown  Cricket  {Brachytrypes  achatinus,  Stoll),  by  C.  C.  Ghosh, 

b.a.     Price,  R.  1. 
Life-Histories    of    Indian    Insects— IV.    {Hymenoptera),    bv    Govind    Ram 

DuTT,  B.A.     Price,  Rs.  2. 
Inquiry  into  the  Insecticidal  action  of  some  Mineral  and  other  Compounds 
on  Caterpillars,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.;  and  R.  S.  Finlow, 
B.sc     Price,  R.  1-8. 
The  "  Psylla  "  Disease  of  Indigo,  by  A.  J.  Grove,  m.sc.  ;  and  C.  C.  Ghosh 
B.A.     Price,  R.  1-8  or  2s.  6d.  ' 

Life-Histories  of   Indian   Insects— V.   Lepidoptera   (Butterflies),   by  C    C. 
Ghosh,  b.a.     Price,  Rs.  2-8  or  3s.  9c?. 
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BACTERIOLOGICAL  SERIES 

Vol.  i,  No.  i.  studies   in   Bacteriological   Analysis   of    Indian    Soils    No.    1,    1910-11,   by 

C.  M.  Hutchinson,  b.a.     Price,  Rs.  2-8. 
Vol.  I,  No.  II.  Rangpur  Tobacco  Wilt,  by  C.  M.  Hutchinson,  b.a.     Price,  Rs.  2. 

Vol.  I,  No.  III.  A    New    Nitrite-forming    Organism,    by    N.    V.    JosHi,    b.a.,    b.Sc,    L.Ag. 

Price,  R.  1  or  Is,  6d. 
Vol.  I,  No.  IV.  Azotobacter   and    Nitrogen  Fixation  in   Indian   Soils,   by    J.    H.    Walton, 

B.A.,  B.SC.     Price,  R.  1  or  Is.  6d. 
Vol.  I,  No.  V.  Bacterial  Rot  of  Stored  Potato  Tubers,  by  C.   M.   Hutchinson,  b.a.,  and 

N.  V.  ,JosHi,  b.a,,  b.sc,  L.Ag,     Price,  R.  1  or  Is.  bd. 
Vol.  I,  No.  VI.  Bdkhar—the  Indian  Rice  Beer  Ferment,  by  C.  M.  Hutchinson  and  C.   S. 

Ram  Ayyar,  b.a.     Price,  R.  1  or  Is.  6c?. 

VETERINARY  SERIES 

Vol.  I,  No.  I.  Anaphylaxis  in  the  larger  Animals,  by  Major  J.  D.  E.  Holmes,  m.a.,  d.sc. 

Price,  Rs.  2. 

Vol.  I,  No.  II.  Salvarsan  in  the   Treatment   of   Surra  in   Horses,   Dogs   and  Rabbits,   by 

Major  J.  D.  E.  Holmes,  m.a,,  d,sc.     Price,  R,  1-4. 

Vol.  I,  No.  III.  Some  more  Successful  Experiments  on  the  Treatment  of  Surra  in  the  Camel 

with  Recommendations  for  Systematic  Treatment,  by  A.  S.  Leese, 
m.r.c.v.s.     Price,  R,   1, 

Vol,  I,  No.  IV.  On  the   Immune  bodies   occurring   in   Anti-Rinderpest   Serum   and   on  the 

Variations  occurring  in  the  Serum  Proteins  of  Animals  during  Rinderpest 
and  during  Immunization  and  Hyper- Immunization,  by  P.  Hartley,  d.sc 
Price,  Rs.  2. 

Vol.  11^,  No.  I.  Some  cases  of  Surra  treated  in  the  Field  and  in  the  Laboratory  during  the 

autumn  of  1911,  by  Major  J.  D.  E.  Holmes,  m.a.,  d.sc.     Price,  R.  1. 

Vol.  II,  No,  II,  Rinderpest  : — Further     investigations     on     questions     connected     with     the 

Economical  Production  of  Anti-serum,  by  Major  J.  D.  E,  Holmes, 
M,A,,  D,sc.     Price,  R,  1, 

Vol,  II,  No,  III.  The  Curative  Treatment  of  Hsemorrhagic  Septicaemia  in  Cattle  by  the 
administration  of  Iodine  and  other  notes  on  Chemiotherapy  in  Rinder- 
pest and  Hsemorrhagic  Septicaemia,  by  Major  J.  D.  E.  Holmes,  c.i.e., 
M.A.  D.sc.     Price,  R,  1  or  Is.  6d. 

Vol.  II,  No.  IV.  The  Vitality  of  the  Hsemorrhagic  Septicaemia  Organism  outside  the  body^ 

by  Major  J.  D.  E.  Holmes,  c.i.e.,  m.a.,  d.sc.     Price,  R.  1  or  Is.  6d. 

Vol.  II,  No.  V.  Bursati,  by  Major  J.  D.  E.   Holmes,   c.i.e.,  m.a.,  d.sc     Price,  R.   1-8  or 

2s.  M. 

Vol.  II,  No.  VI.  Experiments  on  the  treatment  of  Surra  in  Camels,  by  H.  E.  Cross, 
D.V.H.,  A.sc     Price,  R.  1  or  Is.  6d. 

Vol.  II,  No.  VII.  Anthrax.  Some  Experiments  on  the  Immunizing  effect  of  the  Simul- 
taneous Injection  of  an  Anthrax  Attenuated  Virus  and  an  Anthrax  Anti- 
serum, by  Major  J.  D.  E.  Holmes,  c.i.e.,  m.a.,  d.sc  Price,  R.  1  or 
Is.  6d. 


BULLETINS  ISSUED  BY  THE  AGRICULTURAL  RESEARCH 
INSTITUTE,  PUSA. 

No.     1.     Notes  on  Cotton  in  Bihar  in  1904,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  As.  4 

or  6d. 
No.     2.     Ar:  Outbreak  of  Cotton  Pests  in  the  Punjab,  1905,  by  H.   M.    Lefroy,  m.a,,  f.e,s,, 

F,z,s,     Price,  As,  6  or  Id. 
No.     3,     The  Extension  of  Jute  Cultivation  in  India,  by  R,  S,  Finlow,  b,sc.     Price,  As,  12  or 

Is,  2d.     {Out  of  print.) 
No.  4.     First  Report  on  the  Fruit  Experiments  at  Pusa,  by  A.   Howard,  m.A.,  a.r.c.s.,  f.l.s. 

Price,  As.  6  or  bd. 
No.     5,     Report  on  Trials   of  the  South  African  Locust  Fungus  in  India,  by  E,   J,   Butleu, 

m.b,,  f,l,s,  ;  and  H,  M,  Lefroy,  m,a,,  f,e.s.     Price,  As.  2  or  M. 
No.     6.     Ticks    Infesting    Domesticated    Animals    in    India,    by    C.    Warburton,    m.a.     Price, 

As.  4  or  6d.     {Out  of  print.) 
No.     7.     A  Preliminary  Account  of  the  Biting  Flies  of  India,  by  H.  M.  Lefroy,  m.a.,  f.e.s., 

F.z.s.     Price,  R.  1  or  Is.  6d.     {Out  of  print.) 
Na     8.     Official  and  Recommended  Methods  for  use  in  Chemical  Laboratories  of  the  Depart- 
ments of  Agriculture  in  India,  by  J.  Walter  Leather,  pIi.d.,  f.i.c.     Price,  As.  4 

or  6d. 
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0.  M.  Hutchinson,  b.a.     Price,  Rs.  2-8. 
Vol.  I,  No.  II.  Bangpur  Tobacco  Wilt,  by  C.  M.  Hutchinson,  b.a.     Price,  Rs.  2. 

Vol.  I,  No.  III.  A    New    Nitrite-forming    Organism,    by    N.    V.    Josm,    b.a.,    b.Sc,    L.Ag. 

Price,  R.  1  or  Is.  6d. 
Vol.  I,  No.  IV.  Azotobacter   and    Nitrogen   Fixation   in   Indian   Soils,   by    J.    H.    Walton, 

B.A.,  B.SC.     Price,  R.  1  or  Is.  6d. 
Vol.  I,  No.  V.  Bacterial  Rot  of  Stored  Potato  Tubers,  by  C.   M.   Hutchinson,  b.a.,  and 

N.  V.  .JosHi,  B.A.,  B.SC,  L.Ag.     Price,  R.  1  or  Is.  6d. 
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Piepoii  I .;  v^ccouut  Palm  Disease  in  Travancore,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price, 
As,  6  or  6^^.     (Out  of  print.) 

Treatment  and  Observation  of  Crop  Pests  on  the  Pusa  Farm,  by  H.  M.  Lefroy,  m.a., 
F.E.S.,  F.z.s. ;  and  C.  S.  Misra,  b.a.     Price,  As.  6  or  Id.     [Out  of  'print.) 

On  Flax  Dodder,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s.  Price,  As.  4  or  6<Z.  [Out  of 
print.) 

The  Making  and  Care  of  Lawns  in  India,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s.     Price, 

As.  4  or  6rf.     {Out  of  print.) 
Sugarcane  at  the  Partabgarh  Experiment  Station,  by  G.   Clarke,  f.i.c.  ;   and  Khan 

Bahadur  S.  M.  Hadi,  m.r.a.c,  m.r.a.s.     Price,  As.  6  or  6d. 

The  Milling  and  Baking  Qualities  of  Indian  Wheats  No.  1  by  A.  Howard,  m.a., 
A.R.C.S.,  f.l.s.;  and  Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  4  or  6^^. 

Note  on  the  Extension  of  Cultivation  of  Fibre  Plants  in  India.     Price,  As.  6  or  Qd, 
Second  Report  on  the  Fruit  Experiments  at  Pusa,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s. 
Price,  As.  6  or  8d. 

The  Milling  and  Baking  Qualities  of  Indian  Wheats,  No.  2 — Some  new  Pusa  Selectione 
tested  in  1909,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s.;  and  Gabrielle  L.  C.  Howard, 
M.A.     Price,  As.  6  or  8^. 

Report  on  the  outbreak  of  Blister  Blight  on  Tea  in  the  Darjeeling  District  in  1908-09, 
by  W.  McRae,  M.A.,  B.sc.     Price,  R.  1  or  Is.  6d. 

List  of  names  used  in  India  for  common  insects.     Compiled  in  the  Laboratory  of  the 

Imperial  Entomologist,  Pusa.     Pi'ice,  As.  12  or  Is.  2d. 
Memorandum  on  Indian  Wheat  for  the  British  Market,  by  Sir  James  Wilson,  k.c.s.i. 

Price,  As.  4  or  6d. 
Memorandum  regarding  Leading  Eucalypts  suitable  for  India,  by  F.  Booth-Tucker. 

Price,  As.  4  or  5d.     {Out  of  print.) 
The  Milling  and  Baking  Qualities  of  Indian  Wheats,  No.  3.     Some  New  Pusa  Hybrids 
tested  in  1910,  by  Albert  Howard,  m.a.,  a.r.c.s.,  f.l.s,;  and  Gabrielle  L.   C. 
Howard,  m.a.     Price,  As.  7  or  8c?. 
Insecticides — Mixtures  and  Recipes  for  use  against  Insects  in  the  field,  the  orchard, 
the  garden  and  the  house,  by  H.  M.  Lefroy,  m.a,,  f.e.s.,  f.z.s.     Second  Edition, 
revised  and  enlarged  by  T.  Bainbrigge  Fletcher,  r.n.,  f.e.s.,  f.z.s.     Price,  As.  12 
or  Is.  2d. 
The  Indian  Saltpetre  Industry,  by  J.   Walter  Leather,  Ph.D.,  f.i.c.  ;  and  Jatindra 

Nath  Mukerjee,  b.a.,  b.sc!^     Price,  As.  8  or  M. 
Report  on  the  Flax  Experiments  conducted  at  Dooriah  during  the  year  1910-11,  by 

E.  M.  Vandekerkhove.     Price,  As.  6  or  7c?. 
Note  on  the  present  Position  of  Cotton  Investigation  in  India,  by  Bernard  Coventry, 

CLE.     Price,  As.  2  or  Zd. 
Experiments  on  the  Cultivation  of  Sugarcane  at  the  Partabgarh  Experiment  Station, 
1909-11,  by  G.  Clarke,  f.i.c.;  H.  E.  Annett,  b.sc;  and  Syed  Zamin  Hussain,  b.a., 
assisted  b;^  S.  C.  Banerjee  and  Naib  Hussain.     Price,  As.  5  or  6f?. 
The  Cultivation  of  Lac  in  the  Plains  of  India,  by  C.   S.  Misra,  b.a.     (2nd  Edition). 

Price,  As.  8  or  9^. 
Directions  for  the  cultivation  of  Eri  Silk  (Revised  Edition).     Price,  As.  3  or  4c?. 
Report  on  the  Flax  Experiments  conducted  at  Dooriah  during  the  year  1911-12,  by 

E.  M.  Vandekerkhove.     Price,  As.  1-6  or  2d. 
Wheat  Experiments  on  the  Botanical  Area,   Cawnpur,   and  their  bearing  on  Wheat 
Cultivation  in  the  United  Provinces,  by  H.  Martin  Leake,  m.a.,  and  Ram  Prasad. 
Price,  As.  3  or  4(7. 
A  Note  on  some  Interesting  Results  following  the  Internal  Administration  of  Arsenic  in 
Canker  and  other  Diseases  of  the  foot  in  Horses,  by  Major  J.  D.  E.  Holmes,  m.a., 
D.sc.     Price,  As.  2  or  Zd. 
Some  Aspects  of  the  Agricultural  Development  of  Bihar,  by  A.  Howard,  m.a.,  a.r.c.s., 

F.L.S.     Price,  As.  4  or  5c?. 
Diseases  of  Rice,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price,  As.  8  or  9cf. 
Report  on  the  Flax  Experiments  conducted  at  Dooriah  during  the  year  1912-13,  by 

E.  M.  Vandekerkhove.     Price,  As.  3  or  4c?. 
Note  on  the  M'Fadyean  Staining  Reaction  for  Anthrax  Bacilli,  by  Major  J.   D.   E. 

Holmes,  m.a.,  d.sc     Price,  As.  4  or  5c?. 
Notes  on  Experiments  with  Sugarcane  at  Sabour,  by  C.  Somers  Taylor,  b.a.     Price, 

As.  2  or  Zd. 
Disintegration  of  Rice  Grains  by  means  of  Alkali,  by  F.  J.  Warth,  m.sc.  ;  and  D.  B. 
Darabsett,  b.sc.    Price,  As.  6  or  Id. 
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BULLETINS  ISSUED  BY  THE  AGRICULTURAL  RESEARCH 
INSTITUTE,  FVSA-co7itinued. 

Instructions   for  rearing  Mulberry  Silk-worms,   by  INI.    N.   De.     Price,   As.   4  or  5d. 
Green  Manuring  Experiment,  1912-13,  by  C.  M.  Hutchinson,  b.a.  ;  and  S.  Milligan, 

M.A,,  B.sc.     ]?rice,  As.  4  or  5c?. 
The  use  of  Sweet  Jowar  {Sorghun  5p.)  as  a  source  of  commercial  Sugar  or  as  Fodder 

and  the  variation  in  composition  of  the  crop  during  growth,  by  H.  E.  Annett,  b.sc, 

F.i.c.     Price,  As.  2  or  M.  '       ,. 

Notes  on  Cane  Crushing  in  the  United  Provinces, . by  G.  Clarke,  f.i.c,  Naib  Husain 

and  S.  C.  Banerjee,  assisted  by  Lakshmi  ShaMar.     Price,  As.  2  or  Zd. 
A  Note  on  the  Effect  of  Heat  on  the  Rinderpest  Immune  Bodies,  by  Major  J.  D.  E. 

Holmes,  c.i.e.,  m.a.,  d.sc.     Price,  As.  2  or  Z>d. 
How  to  Improve  Silk-Reeling  in  Bengal,  by  M.  N.  De.     Price,  As.  4  or  5(/.     {Out  of 

'print.) 
The  Acid  Secretion  of  the  Gram  Plant,  Cicer  arietinumj  L.,  by  D.  L.  Sahasrabuddhe, 

B.sc,  L.Ag.     Price,  As.  2  or  Zd. 
Bee-Keeping,  by  C.  C.  Ghosh,  b.a.     Price,  As.  14  or  Is.  4^;  -  .  .   - 

Notes  on  Sugar  Machinery  and  Manufacture  in  Northern  India,  by  Peter  Abel.    Price, 

As.  5  or  6^.       '  ; 

First  Report  on  the  Experiments  carried  out  at  Pusa  to  improve  the  Mulberry  Silk 

Industry,   compiled  under  the  direction  of  the   Imperial  Entomologist,  by  M.    N. 

De.     Price,  As.  6  or  Id.     {Out  of  print.) 
The  Experimental  Error  in  Field  trials  with  Sugarcane  and  the  effect  on  this  error  of 

various  methods  of  Sampling,  by  H.  E.  Annett,  b.sc,  f.i.c.     Price,  As.  3  or  4c?. 
The  Improvement  of  Tobacco  Cultivation  in  Bihar,  by  A.  Howard,  c.i.e.,  m.a.  ;  and 

Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  4  or  5c?. 
First  Report  on  the  Improvement  of  Indigo  in  Bihar,  by  A.  Howard,  c.i.e.,"  m.a.  ;  and 

GabrielleL.  C.  Howard,  m.a.     Price,  As.  ^  ov  bd. 
Soil  Ventilation,  by  A.  Howard,  c.i.e.,  m.a.,   and  Gabrielle  L.   C.   Howard,   m.a. 

Price,  As.  3  or  4c?. 
'Soil  Erosion  and  Surface  Drainage,  by  A.  Howard,  c.i.e.,  m.a.     Price,  As.  4  or  bd. 
Second  Report  on  the  Improvement  of  Indigo  in  Bihar,  by  A.  Howard,  c.i.e.,  m.a.  ;  and 

Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  2  or  Zd. 
The  Manufacture  of  Jaggery  in  South  India,  by  A.   Chatterton,  c.i.e.     Price,  As.  4 

or  5c?. 
Green-Manuring  in  India,  by  A.  C.  Dobbs.     Price,  As.  6  or  Id. 
The  Detection  of  Added  Water  in  Milk   in  India,  by  J.    W.   Leather,   v.d.,   f.i.c. 

Price,  As.  2  or  3c?. 
Calocoris  angustatus,  Leth.,  by  E.  Ballard,  b.a.,  f.e.s.     Price,  As.  4  or  5c?. 

One  Hundred  Notes  on  Indian  Insects,  by  T.  Bainbrigge  Fletcher,  f.l.s.,  f.e.s.,  f.z.s. 
Price,  As.  8  or  Qd. 

A  comparison  of  the  "  Defibrination  "  and  "  Oxalate  "  methods  of  serum  preparation 
as    applied    to    Hsemorrhagic    Septicaemia    and    Anthrax    Sera   together   with    some 
analyses  of  buffalo  and  hill  bull  blood,  by  R.  V.  Norris,  m.sc,  d.sc,  f.i.c.     Pri -f 
As.  3  or  4d. 

No.  61.     Soil  Aeration  in  Agriculture,  by  A.  Howard,  c.i.e.,  m.a.     Price,  As.  4  or  5c?. 

No.  62.     A  Preliminary  Chemical  Study  of  the  Rices  of  Bihar  and  Orissa,  by  Jatindra  Nath 
Sen,  m.a.     Price,  As.  4  or  5d. 

No.  63.     A  modified  method  of  Green-manuring,  by  C.  M.  Hutchinson,  b.a.     Price,  As.  2  or  Zd. 

BOOKS 

•*  Indian  Insect  Pests,"  by  H.  M.  Lefrot,  m.a.,  f.e.s.,  f.z.s.     Price,  R.  1-8.     {Out  of  print.) 

"  Indian  Insect  Life,"  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.;  and  F.  M.  Howlett,  b.a.,  pp.  786. 
Price,  Rs.  20  or  30s. 

*'  Wheat  in  India,"  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s.;  and  Gabrielle  L.  C.  Howard,  m.a., 
pp.  288.     Price,  Rs.  5  or  75.  6d. 

•*  A  Description  of  the  Imperial  Bacteriological  Laboratory,  Muktesar;  Its  Work  and  Pro- 
ducts," by  Major  J.  D.  E.  Holmes,  m.a.,  d.sc     Price,  As.  8  or  9c/. 

•*  Agriculture  in  India,"  by  J.  Mackenna,  m.a.,  i.c.s.     Price,  As.  4  or  5c?. 

*'  Some  Diseases  of  Cattle  in  India."     A  hand-book  for  stock-owners.     Price,  As.  8. 
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